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NATTIONAL ADVISORY COMMITTEE FOR.AEBONAUTICS
TECHNICAL NOTE NO. 1202

MEASUREMENTS OF THE PRESSURE DISTRIBUTION ON THE HORIZONTAL TAIL SURFACE
CF A TYPICAL PROPELLER-DRIVEN PURSUIT AIRPLANE IN FLIGHT
IT — THE EFFECT OF ANGLE OF SIDESLIP AND PROPFELLER OFERATION

By Melvin Sedoff and Lawrence A. Clousing
SUMMARY

Measurements were mede in sideslipping flight at a Mach number of
0.50 of the pressure distribution over the horizontel tall swrfaces of a
tractor-propeller—driven pursult airplans, to determine the effects of an-
gle of sidesllp end propelier operation on the tall—load distribution,
Measurements were alsoc msde of the tail—load distribution on the horizon-—
tel tall in steady unaccelerated flight over a Mach number range of 0,30
to 0.79 and 0.30 to 0.7k, respectively, for the power—on and power—off
conditions.

It 1s shown that the asymmetric tall losding results from a large
deorease in load on the blanketed tall and a small increase of losd on
the leading tail. Although, in general, the application of power at a
speed of 290 miles per hour results in an increase in the positive asym—
metric loading over the sideslip—angle range, the effect is relatively
small as compared with that of sideslip angle. The asymmetric lcads and
torsional mcments at low speede and zero engle of sideslip are small and
unimportant even with power on. At high speeds in sldeslipping flight,
the totael fuselsge torsion may became critical since the tarsionsl moment
due to asymmetric tail lcading is in the same direction as that resulting
from vertlcal—tall loads. Critical bending moments may occur in left
sldeslip on the left tall at moderate speeds and at the 1imit load
factor 1f the computed up—loed does not inolude the increments in up—
load dus to both propeller operstion and angle of sideslip. ,The greater
negetive total tall loade associated with an increase in sideslip angle
may result in critical balancing down—locads at high speeds because of
the initially high down—loads required to balance the airplane at zero
sldeslip.

Comperison of the results with limit values canputed om the basis
of current Army spacifica:tiong indicated that the calculated values of
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asymmetric tail load and the resultant fuselege toraicnsl mcment are con—
servative as campared with the experimental results for e¢ritical flight
conditions. The calculated root bending moment, however, may be uncon—
gervative by as much as 25 percent as compared with the actual value

for critical filght conditions, )

INTRODUCTION

Numerous structural failures of the tail surfaces of high-speed
militery ailrcraft have occurred within recent years indicating a possi-
ble need for mcdifying the existing design specifications. In order to
determine in what respects existing requiremsnts were iradequate and to
provide data as a basis for any revisions or modificatlions deemed neces—
sery, an extensive tall—locad investigation was conducted on a typical
tractor-propeller—driven pursuit airplane, in flight., Pressure.distri—
bution meesurements were made on the horizontal tail in steady unacceler—
ated flight (Az = 1.0), steady accelsrated flight, steady sideslips,
and sbrupt meneuvers. Results of the tests made in steady unaccelerated
and steady accelerated flight are reported in reference 1. This report,
the second of a series, presents the results cbtained in steady sideslips,
(as measured in gradual dive pull—outs), and shows the changes 1n horizon—
tal—~tail loading that occur as a result of propeller operation and angle
of sideslip. The asymmetric load, the root bending moment, and the
torsional, mcment, computed by the methods spegified in the cuxrent Army
design requirements, are ccmpared with the experimental values at critilcal
conditions. .

SYMBOLS

The following symbols are used in this report:
M free—etream Mach number

Vi correct Indicated sairsapeed

- o
!1703[< 2 + l)o.aas - J.J%} , 'miles per hour
] o | ~ . pe

H Tree~stream total pressure
P free—stream statlc pregsure

Po gtanderd atmospheric pressure at sea level
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rressure altitude, feet

W Ay

q Sy

average airplane welght during test run, pounds

alrplane 1ift coefficient <

the ratio of the net serodynamic fcrce along the airplane Z—axis
(positive when directed upwerd) to the weight of the airplane

free—stream dynemic pressure, pounds per square foot
horizontal~surface area, squere feet
horizontal—tail span, feet

total air loed on horizontael teil (NtL + Nto, positive when
load 1s acting upwerd), pounds

asymmetric tall load (N.bL — NtR) , pounds

torsional mcment on fuselage due to horizontal~tail loading
(positive when mcment is clockwise as seen fram rear),
pound—feet

root bending mament (positive when mcment is clockwise as
seen from rear), foot—pounds

Me
torslcnal-mcment coefficient (Es—ég-g !

it
taill normel~force coefficlent (@%)
root bending—-mcment coefficient < e )
e o c —_—
aStbt

gectlion normal—force coefficient
local tail chord, feet
Pressure on upper surface ; pounds per sguare foot

Pressure on lower surface, pounds per square foot

resultant pressure ccefficient (Bl—-q—EHD
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Q " propeller torque, pound-feet
propellsr—torque coefficlent ( Q3>
2g¢D
T propeller thrusit, pounds .
To
2q_D
D propeller dismeter, feet - " s
- E . i N
Nep ] Ny Cry
(power on) {(powsr. off)
- 21¢y,
- .
ACMT CMT - C
(power on) (power off) N
A
% Qc(power on) Qc(pcwer offi}
De elevator angle (positive when trailjng ‘adge is down) degrees
frem thrust axls
B sideslip angle (positive when right-wing is forward), degrees
Subscripte
W wing
t horizontal tail
L left
R I‘igh‘G L . . - —— . - L. -
A asymnetric

DESCRIPTTION OF ATRPLANE

The test airplene is a single-engine, interceptor—pursuit, low-wing
monoplane driven by a tractor propeller and equipped with & retractable
tricycle landing gear. Figures 1 and 2 are photographs of the airplane
a8 instrumented for the flight tests; figure 3 is a three-view drawing
of the airplane, Pertinent specifications of the horizontal tail sur—
faces are as follows: ’
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: S_pan, ft . - . . - . . » . . * . & L) . e » . - . . . . . ] o s - 1-3 O
.Area,sq_ft........".............- t.-o-l"099
CAlrfoil sectlon « .« 4 4« 4 4 e 4 s & o« » s . NACA a.pprox. 0010 to 0006
' (fig. 4+ of reference 1)

Stabilizer setting (relative to alrplane thrust axis), deg. . . + » 2.25
Elovator area (including 4.3 sq £t overhang balance), sq £5 . . . 16 89

Nominel deflection » » « o v « « « o o « o o v o o« « 35° up, 15° down
Dihedrala.ngle,deg............-..........._..0

Further detail specifications cf the test e.:Lrplane ma.y be obtainqd frcm
reference 1. S

INSTRUMENTATION AND PRECISION

A 60-cell pressure racorder located in the rear sectlion of the fuse—
lage betweer. the oil tank and the baggege ccmparitment was used to measure
the resultant pressures over the horlzontal tell at the locations glven
in table I end shown in Ffigure 4. The precision with which the pertinent
quantities were believed %o e measured In the tests ls indica.ted in the
following ~table:

Item . Estimated precision
Normel acceleration . ] :t0.0Sg'
Elevator angle L 7 20.50°
Sideslip angle +1,0°
Airspeed (to 200 mph) ié—g percent
(ebove 20C mph) . i 1% percent

Altitude B . %300 feat
Tail load (low speeds,

unaccelerated flight) £50 pounds
(high speeds, acceler— ..

ated flight) +100 pounds
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The preegsure—lag characteristics of typlcal horizomtel tall lines were lr—
vestigated, and 1t was found that the lag was negligible for the. rates of
pressure change encountered in this investigation. Other iInstrumentation
of the test airplane and the precision of the measuremente were the same
as given in reference 1.

FLIGHT PROGRAM

With normel rated power (39 in. Hg and 2600 rpm) at a pressure
altitude of 15,000 feet and at an indicated alrspeed of 290 miles per
hour, runs were made at sidesllp angles of approximately 0°, 5° left,
10° left, 5° right, and 10° right. All these tests were psrformed by
pulling out gradually from a shallow dive whille attempting to maintein
the sideslip angle requested. Testa vwere repeated, power off, with
the engine fully throttlsd and the propeller in high pitch,

Tests, which were made for obtalning data given in refersnce 1,
were also used for the present report. The teste ussd were those run
in steady unaccelerated flight wlth wings level, power on, full throtile
and 3000 rpm at a presesure sltitude of 15,000 feet and at indlcated alr—
specds ranging frcom 170 to abcut 460 miles per hour. Tests were repeated,
power off, with the indicated alrspesd varying from L70 to about 430 miles
per hour.

Curves teksn from reference 2 showing the varlation of brake horse—
power (as determined by reference to—ergine power. cherts) with pressure
altitude, and the varlation of propeller—blade angle and engine spesd
with true airspeed are shown in figure 5 for the engine power settings
unged for these tests.

All tests were made wilth the center of gravity located at 30 3 per—
cent of the mean asrodynasmic chord.

RESULTS AND DIESCUSSION

Reduction of Data

Although the results presented in thils report were obtained in gradu-—
al dlve pull—outs, they are truated as though cbtained in steady eideslips.
This 1s Telt to be Justified since the positive pitching accelerations dir—
Ing the pull—outs were small, and no consistent relationship was found be—
tween the scatter in the dats ard the magnitude of the negative pitching
accelerations obtained during recovery from the pull—outs,
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In the analysis of the data referred to in reference 1 and 1n the
subsequent discussion and asnalysis in this report, the term "steady un—
accelerated flight" denotes steady flight at a normal acceleration of 1g.
It is believed thet thils use is Justified even at diving speeds because
the magnitude of pitching veloclty necessary to result in & normal accel—
eration of lg was negligible. :

Chordwise and spanwise loading.— The resultant pressure coefficients
for each orifice station were plotted against tail chord for selected
time points during each test run to obtain the chordwise disitritution of
the tall load. Mechanical integration of the chordwise loading gave the
veriation of load cpc across the taill span. . Scame typical chordwise and

spanwise distributions are shown in figures 6 and 7. These figures pre—

sent the power—on and power—off pressure distributions, respectively, at

meximum left, zero, and maximum right sideslip angles for lift coefficlents

of epproximstely 0.20 and 0.80. The effects of sideslip angle and power

Ea.y be readlly seen by comparing corresponding dilstributions in figures
and T. '

Time histories of pertinent varisbles.— The rormel-force coeffi-
clents and root bending-mcoment coefficients for each side of the tall
were determined by integrating the spanwise distributioms of cpec.

Selected time histories of these cosefficients and the derived asymmetric—
load and torsicnal-mcment coefficients are presented in figures 8 and 9.
Also included in thess flgures are time higtories of other pertinent
quantities such as elevator angle, sideslip angle, 1ift ceefficient,
acceleration factor, and indicated airspeed, Figure 8 shows the power—

on deta for runs in which sideslip angles of 12,3°, —2,2°, ard -6.4°

were attalned at the time that the meximum narmal acceleration was reached.
The power—off date are presented in figure 9 for sideslip angles of 10.50,
0.7°, and —12.0°, From figures 8 and 9, and similar figures not included
In this report, most of the subsequent flgures were derived.

Effect of Sideslip and Power on Tail Loads

Loft— and right—taill loads.— At time points corresponding to 1ift
coefficients of 0.20, 0.40, 0.60, and 0.80 the values of left— and right—
tail normsl—force coefficients were determined for each test run and plot—
ted egainst the corresponding values of sideslip angle. (See fig., 10.)
There is conslderable scatter of data presented in figure 10 and In & sub—
sequent figure similarly derived (fig. 18), easpecially for the power—off
data et the higher 1ift coefflclents, Thils probably results from the fact
that since some of the pull—outs were not made as graduslly as others
(figs. 8 and 9), the accuracy with which the times were coordinated for
the different instrument records varied from run to run.




8 NACA TN No. 1202

‘It 1s clearly seen in :f£igure .10 .that the leeding tail experilences
relatlively small changes in normel-force . cﬂefficient &8 the sideslip
angle 1s increased, while considerahle dscreases of load .on the blanketed
tall are noted. Since these unsymmetrical changes of normal—force coeffi~
cient are similar for .both.the -power—on -end power—off conditions, it ap—
pears that changes in air flow over the horizontal tail due to the ‘yawed
fuselage and vertlicel tail are the principal factors affecting these
changes of load with sideslip, An analysis of the leading-wdge préssures
for the power—on and power—off..cenditicns showed the existence. of a strong
1dcalized downwash fisld extending over about 2 feet of span., At zéro
gldeslip angle this fleld was centered approximately at the fuselage center
Ifne and, as the sideslip angle was increased in either direction, moved
progresslvely outboard on the trailing tail. The location appeared 6 be
independent of both power &nd 1ift” coefflcient at the test -speed, Bince
with increasing sideslip angle the dowrwash field moved cutboard of . the
fuselage'center line approximetsly the seme amount for all the test cim—
ditions. Uhfortunately, tlhie date were insufficient to-permit quantitativa
application of these results, A cross plot—of the values- in figure 1C
was made so that the power—on and power—off resulte could be more. readily
ccopared. Figure 11, which resulted, shows the variation of left=and
right—tail normal—forcs coeffioients with 1ift coefficient at several en—
gles of sldeslip. . Althoagh the power effects are not large bécause of
the low values of tErust ctefficient and torque coefficient (about 0.016:
and 0,008, reepectlvely, at an indicated speed of 290 mph); the application
of power reeulted ‘in-general, in higher positive load coefficients on the
left tail &nd. lowéf'positivw Yalues on the right: tail over the- sideelip—
angle range tee*ed L“mﬂ~ . P SR R

N}
J

Total tail 10&63. Ths variabion with, sideslip angleéof the total
tall normal—force coefficlent presented in figure 12 was cpteined by
combining - the left and yight normel~force.ceefficients shown in. figure .
10. The decrease-in the' -value of - CN{ indicates an increase in the

nose—d.own pitchiné roment of the airplane without tail s the sidaslip
aengle was increased in either dirsction.

The data in figure 14{a) of reference 1 showed a trend toward critical
balancing down~loeds on the tall at high Mach numbers, and the deta of this
report (fig. 12) indicate thet incrsasing down-lcads for balarce were re—
dguired as the sideslip engle was increaged. Therefbre, the veriaticn of
total tail icad with sideslip angle at several values of ‘1ift coefficlent

for steedy unaccelerated flight (Az 1.0) ‘was determined by ccmbinlng
.these date, The validity of the curves is based cn the assumption -that
the slope of the curve, of pitching—moment ccsfficient versus sldeslip
angle for the test airplans with tail off dces not change 'with Mach number,
The three .curves in figure 13 are given for the highest power—on ‘and power—
off test speeds in Feferencé L (Vi = %63 mph; Cp =9, 069, V= 428 mph;
Cy, = 0.080, respectively) ‘and for ths test speed at which gldeslip data
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were obtained (Vi = 290 mph; CL = 0.171). The date for the highest

speed (M = 0.79; C1, = 0.069) in figure 13 indicate that about 850
pounds greeter down—load is required for balance at either 10° left or
right sideslip than at zero sideslip. : .

Asymmetric loads.— The faired curvés presented in figure 10 wers

combined in figure 14 to give the variation of asymmetric—locad coeffil—
cient with sideslip angle at two values of 1ift coefficient. As expected,
at zero angle of sidesllp, the power—on asymmetric—load coeificients were
more positive than the powsr—off coeffilcients. The difference between
power—on and power—off coefficlents, however, tended to decrease with
increasing sideslip, particularly at large angles of right sideslip.
Figure 14 also shows thet the highest asymmetric—lcad coefflcients were
obtalned at the lower values of lift ccefficient more so in right than
in left sideslip.

The varistion of asymmetric—lcad coefficlent with 1ift coefficient
in steady unaccelerated flight (fig. 15), and the variation with indicated
airspeed of asymmetric load (fig. 16) were derived frcm the data ccmplled
in reference 1. These figures show that there was a decrease in asym—
metric load with speed corresponding to a decrease in powsr effects
(slipstream rotation) up to sn indicated airspeed of sbout 380 miles per
hour (QL 0.10). At higher speeds the ssymmetric loads increased rap—
idly indicating that other factors besides power were affecting the tail—
load. ssymmetry.

The vearistion of asymmetric loads with sideslip angle for seversl
values of Lift coefficient in steady umaccelerated flight, as shown in
figure 17, was determined frcm the power—on date in figures 14 and 15.
The use of curve for Cp = 0.20 in figure 14 at higher speeds 1s based

on the assumptions that, (1) Mach nimber effects on the slope of the
cNtA versus B curve were negligible and (2) C1, and power kad no

appreciable effect on the slope of the CNtA versus £ curve at level

flight spesds higher than that correspording to CL = 0.20, The deta of

reference 3 showed the latter assumption was Justified. In figure 17 it
is shown that the maximum asymmetric load will occur at high speeds and
in left sideslip. The asymmetric loads at low speeds (CL = 0,171 and

higher) are relatively small and unimportant.

. IEffect of Sideslip and Power on Tail Moments ) '

Tail root bending mcments.— The varistion of the left— and right—tail
root bending—mcment ccefficients with sideslip angle was determined for
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gseveral values of 1ift coefficient and 1s presented in figure 18, Corre-—

sponding to similar variaticns in normel-—force ccefficient, the data r
show that as the sideslip angle was increased marked changss in tall load-—

ing occurred only for the blanketed side of the tail, while the leading

tall experienced only a slight Increase in root bending mement. The

right—tail root bending mcments, however, started to decrease at angles

of right sideslip above about 5°, particularly for the power—off con—

dition.

A cross plot of figure 18 showing the variation of left— and right—
tall root bending-mcment coefficients with 1i1ft coefficlent for several
angles of sideslip Is presented as figure 19. In generel, the effect
of power was to increase the left—tall moments and decrease the right—
tall moments except in the case of the blanketed tail at high sideslip
angles where the power effects dlsappeared or reversed.

Faired curves in figure 20, which show the variation of lateral
center of pressure on the horlzontal tall with side—slip angle, ware
obtained by combining the curves of figures 10 and 18 for & 1ift coeffi-
cilent of 0.80, For positive loads on the tall there was a tendency for
the center of pressure to move outboard as the lift—coefficient was de—
creased; nevertheless, thies was not considered a criticel trend toward
maximum bending mamerts, since the tail loads would not be a maximum
for the same condlticns for which the center—of—pressure distence was a
maximum. Figure 20 shows that as the sideslip angle was incrsased, the v
center of pressure moved inboard cn the blanketed tall whlle 1t remained
practically constant on the leading tail. Therefore, at high angles of
sldeslip, greater bending moments than those predicted assuming symmet~
rical loading may be experienced by the leading tall due to the increasei
loads.

Fuselsge torsiornal mcments.— The variation of fuselage torslonal—
mcment coefficlent with sideslip angle for two values of 1lift coeffi-
clont (fig. 21) was obtained by ccmbining the values of left— ard right—
tall root bending-mcment coefficients in figure 18. It is shown tkat
the effect of power was to lnorease tha pcsitive torsional moment at ell
except the highest angles of right sideslip. It is apparent that chang—
ing C1, in the constant—speed accelerated flight had no appreciable

The torsionasl-moment coefficlents for several valuas of 1ift coeffi-
clent in steady unaccelsrated flight in filgure 22 and the variaticn of
torsional moment with indlcated speed in steady unaccelerated flight in
Tlgure 23 were derived frcm the date of reference 1. As previously
noted fcr the asymmetric loads, power.effecte, which resulted in posi—
tive torsional mcments, diminished wlth Increasing speed up to a speed
of about 380 miles per hour (Cp = 0,10). Above 380 miles per hour,

the torsional mcments becsme more vositive with Increesing speed more 80
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with power on than with power off. Figure 24 shows that the torsional
mcment and asgymmetric—load coefficients were proportional malnly to
power (slipstream rotation)} up t6 speeds corresponding to a AQe of
about 0,01L0. At higher speeds, powsr resulted in only secondery effects
on CMT and cNiA'

Frcm the power—on date given in figures 21 and 22, the varlation of
torsional mcment with sideslip angle for several values of 1ift coeffi-
cient in steady unaccelerated flight was cbtalned. Although the slopss
of the curves in figure 21 are for a Te of ebout O, 016 thelr use at
higher speeds (and lower To's) does not entall appreciable error be—
cause of the relatively emall changes in Tc and Qg at speeds higher
then 290 miles per hour. The results presented in figure 25 show that
the meximum fuselage torsionsl mement will occur during a high-speed
pull—out when spprecieble sideslip may be inadvertently developed. The
torsionel moments at indicated speeds of 290 'miles per hour or lowsr
(Cr, 2 0.171) are relatively small end unimportent.

Compariscn of the Calculated Lcading with Experimental Results

Current Army design specificatione require that, '"the horizontal
tail surfaces, attachment fittings, and carry—through structure shall be
designed for an unsymmetrical lcad condition where the load on one side
is the meximum load for that side obtalned fram any conditicn while the
Jcad on the other side is the lcad frcm the foregoing condition multiplied

n
by the factor l ————g— where n 1s the limit meneuvering load factor
. T

for which the eirplene is designed.” The condition for which meximum
lcads would be experienced wes determined frcm reference 4 wkere it wes
shown that the maximum mersuvering loed (en up—load) would be encountered
at sea level and at & speed correspcnding to the uppor left~hand corner

of the V-g diesgram (about 29C miles per hcur fur the test airplans) and
with the center of gravity located at the stick—fixed neutral point.

For thls report, however, the maximum maneuvericg tall load was calculated
for an altitude of 15,000 feet and for the test center—of-gravity position
of 30.3 percent cf the meen sercdynaemic chord. This was done to provide

a consistent basls for ccmpariscn with the sxperimentel resulis. Frocm
reference 4 i1t was found that these deviaticns from the specifications
result in less than a lO0-percent decrease in the maximum computed maneu—
vering tall load. Assuming an elevaetor moticn (fig. 26), the maximum
tail-loed increment frcm zero load factor was determined by the method

of reference 5. An increment of teil lcad of 5120 pounds was obtalned
correspending to a change in load (acceleration) factor of 7.25. Since
the calculated balancing tail lced at 290'miles per hour 1is —362 pounds
(reference 1), the 1imit tail lcad for the ccmditicn investigated 1s
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4758 pounds, and the limit asymmstric tall load 1is 2379 pounds (:E%;§>.

The limit root bending moment of 6840 foot~pounds and torsicnal moment
of 6840 pound—feet were obtained by multiplying one—half the meximum
load by the calculated lateral distence to the center of pressure of
2.875 feet.

The 1imit values of esymmetric loed, root bending moment, and fuse-—
lage torsional moment are compaved with expsrimental values for several
conditions in teble II, These conditicns were chosen to bracket the
meximum possible asymmetric loading obtainable in flight for the test
alrplene, The procedure used to evaluate the experimental values of
agymmetric load, root bending ‘mement and’ fuselage torsional mament for
comparison with the limit values is outlined in the appendix. It should
be noted again that the valldity of the wvalues of asymmstric load and
torsionel moment speeds higher than 290 miles per hour depends on the
assumption that there is no change in slope of the CNtA versus f and

CMp versus B curves with Mach number.

Although the teble shows that the 1imit asymmetric loed and fueelage
torsionel moment are conservative as ccmpered with the maximum experi—
mental values, the dssign root bending moment underestimates the actual
value on the left tall by almost 25 percent as the calculated center of
pressure 1s inboard of the actual value, and the limit load is less than
the experimentel loed on the left taill.

CONCLUSIONS

- Frcm an analysis of the horizontal tail loading obtained in several
conditions of flight on & trector—propeller—driven pursult airplane and
from a comparison of the experimental results with limit values ccmputed
on the basis of current Army specifications, several conclusions may be
drawn. Although based on results cbtained on a specific test airplans,

' these conclusions which follow are believed to be gualitetively appli—
cable to alrplanes of the same general configuration as the test alrplame.

l. The changes in horizontal tall lcading due to sideslip arise
from a2 large decresse in load and bending moment on the blanketed tail
and ‘e small increase of lcad and bending moment on the leading tall.
These changes are relatively independent of power and lift coefficient
at speeds of about 280 miles per hour.

2. The asymmetric loads and torsional moments at low speeds and
zoro angle of sldeellp are unimportant even with power on.
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3. TFor large engles of sldeslip at high speeds, the total fueelsgo
torsion mey became critical smince the torsionsl moment due to asymmretric
teil lbsds is in the sanme direction as that resulting frem vertical—-tell
loaids. :

L. Critical bending maments may ccour on the left tail in left
sideslip at moderate speeds and st the limit loed factor (upper left~hamd
ccrner of the V-g diagrem) .if the limit up—loasd on the left tail dces not )
include the incremsnte in load dus to both the ssymmetric lcad sxisting
at zero sideslip and that dus to an increase in sideslip angle. (For
the test airplane, the lateral center of pressure remained practically
constant on the leading tail and moved inbecard on the trailing tail with
an inprease in sideslip argle.)

5. Critical balancing down—loads on the tail may cccur at high
speeds in sideslipping unaccelsrated flight becauss the incwements of
negative total taill lcad with sideslip angle add to the initlally high
down—loads required to balance the airplane at zero sideslip.

6. The calculated velues of asymmetric tail loed and fuselage
torsiongl moment dus to asymmetrlc tall lecading are conservative as com—
pared witk the experimentel values for critical flight conditioms,

T. The calculatsed root bending mcment may be unconservative by es
much as 25 percent as ccmpared with the actual value for critical flight
conditions.

Ames Aeronsutical ILaboratory,
Naticnal Advisory Camittee for Aeronautics,
Moffatt Field, Calif., October 1S46, -

APPENDIX

Evaluatlon of Fiight Loasde for Varicue Conditions

Asymmstric loads.— The asymmetric loads in steady unaccelerated
Tlight for values of Cp of 0.171 and 0.069 were taken directly from

figure 17 of this report. In order to determine the asymmetric losd for
CL = 1.25 (V§ = 290 mph) and B = ~10° in accelerated fiight (Az = 7.33)

it was necessary to use the CNy, vVersus B curve for a CL of 0,80 in

figure 1l since no data were obtained at much higher values of C,. The
use of this curve was Justifled as the awvaileble daita showed relatively
emall changes of CNtA with Cr, The difference in Ny, of 343 pounds

corresponding to a difference in cNtA of ©.40 between 0° and ~10° side—
8lip was added to 'bhe geymmetric load at zero sidsslip (435 1b from fig.
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29 of reference 1) resulting in an asymmetric lcad of 778 pounds for the
condition coneldered. In an enalogous menner, the asymmetric loads for
O, = 0.5L (V4 = 463 mph) at B = —5° and -10° were cbtained by adding
the difference in Nty corresponding to a difference in CNfA betwesn

0% and —50, end 0° and "100, respectively, for an interpolated Cj, of

0.51 in figure 14 to the asymmetric load at zero sideslip obtained from
figure 29 of reference 1. There isldbyained

Ny, = 545 4 840 = 1385 pounds

Aor, o.51>
. B =_5° .

and

Ny = 1075 + 840 = 1915 pounds
A(cL 0.51)
’ )

-10°
Root bending moment.— The root bending mcment in steady unacceler—
ated flight at 290 miles per hour and —10° sideslip was determined frcm
the valuve of CMrL given in the power—on curve for Cr = 0.2 in figure

18. The firaet step in obtaining the bending mement for Cr = 1.25

(V4 = 290 mph; Az, = 7.33) and B = —~10° was to determine the left—tail
load corresponding to these conditions, (The 1left tall is usad since

it experiences the higher losd in left sideslip.} The calculated load
of 4758 pounds was assumed for the experimentel total tall lced at zero
gldeslip, since experimental. data for similar ccnditicns were not avall-—
sble. The asymmetric load of 435 pounds obtsined from figure 29 of
reference 1l was apporticned symmetricelly over each side of the tall;
that is, the left—tail load was increased by 218 pounds and the right—
tg81l load reduced by a like amount. Applying this dissymmetry to the

4758
L4758 pounds, there is obtained & load of —%?— + 218 = 2597 pounds on

the left tall at-zero sideslip. From the power—on CNtL versus B

curve for Cr, = 0.80 (assuming, as before, wmimportant changes frcm
Cr, = 0.80 to Crp = 1.25) in figure 10, an increase in CNtL of 0,013

from.0° to —10° gideslip was obtained corresponding to an increase Iin
left—tell load of 111 pounds. Therefore, the left—tall load for the
condition investigated is 2597 + 111 = 2708 pounds. Multiplying this
value by the lateral center of pressure st B = —10° (3.24 £t from fig.
20) gives a root bending moment of 8770 foot—pounds.
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Torsional mcments.— The torsional mcments in steady unaccelerated
flight for values of Cy of O.LTL end 0,069 were cobtained directly

frem figure 25. In a manner similar to that used for determining the
asymmetric loads, the fuselage torsional mements for Cp = 1.25 (Vg =

260 mph; Ay = T7.33) were derived frcm figure 21 of this report and fig—
ure 30 of reference 1.
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TABLE I.~ CORDINATES AT PRESSURE ORIFICES ON
HORIZONTAL TATL OF THE IE3F AIRPLANE
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PABLE TI.~ QOMPARISON OF LINIT VALUES OF ASYMMETRIC LOAD, ROOT BB’gDING MOMENT
AND FUSELAGE TORSIONAL MOMENT WITH EXPERIMENTAL VALUE3

EXPERIMENTAL VALURS?

Steady unacoeleratsd flight Adocelarated rlight
(Az = 1,0) (az = 7.33)
L = 0.171]C1, = 0,06%| ¢1, = 0.069"| 0r, = 1,25 |or, = 0.52°|cr, = 0.51”
Ttem Pinit |Bourse V3 =290 V3 =465 Vo =463 |Vv1=290 |Va=ss {vi=Lhé3 Sovres
mph aph zph mph mph mph
p =-100 p = =50 p = =100 pe-10°) p= -5° = 100
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netri load appsn~
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Figure 1.- Three-quarter rear view of test alrplane.
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Figure 2.~ Top view of test alrplane as instrumented for
flight tests.
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